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Original ECOSTRESS Delta Project

> Estimate ET using 

four remote sensing 

models, and 

simulated 

ECOSTRESS data.

> The simulation 

was not meant for 

quantitative 

analysis.

> QA/QC Russell 

Ranch radiation and 

ET data

Estimates using Simulated ECOSTRESS

Image Date: 07/13/2016 

LST (K)
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Overview

1. Priestley Taylor ïUC Davis (PTUCD)

2. Field-scale Daily ET using Data Fusion and Sharpening

3. Improving Groundwater Budget Estimation using Remote Sensing ET
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PTUCD: Key Equations and PT Coefficients
Priestley-Taylor (PT): ‗Ὁ  Ὑ Ὃ

PT Coefficient:  ὥz ρ Ὡ ᶻ ὧ Ὠz ὔὈὓὍὩ ὪzὝ

Net Radiation: Ὑ ρ ὃὰὦὩὨέὛȢ ‐ ρ ‘z Ὂ ‐z „Ὕ ά‐„Ὕ ὦ

[Conceptual]

Relationship can 
be generalized 
or crop specific
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PTUCD: Mean Net Radiation
Net Radiation: Ὑ ρ ὃὰὦὩὨέὛȢ ‐ ρ ‘z Ὂ ‐z „Ὕ ά‐„Ὕ ὦ

(at 24hrs 
Time Step)

Bias Adjusted
w/ generalized 

coefficients All sky emissivity: 
Duarte et al., 2006

Clear sky emissivity: 
Prata, 1996



·

PTUCD: Net Radiation

2. Gao et. al. (2012a).
3. Gao et. al. (2012b).
4. Jimenez-Munoz et. al. (2014).
5. Jinet. al. (2011).
6. Liang, S. (2001). 
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PTUCD: 24hrs Mean LST
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modified from (Sun and Pinker, 2005)

Ὕ and ὃ are optimized per MODIS pixel using four instantaneous LST observations 

from MODIS MOD11A1 and MYD11A1 V006 products.         

Ὕ Ὕ ὸ ὒὥὲὨίὥὸέὺὩὶὴὥίί

24hrs Mean LST:  Ὕ Ὕ ᶻ
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PTUCD + ECOSTRSS

Ὕ ὸ Ὕ ὃ ÃÏÓ“
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ςςτ ὸ ὸ
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modified from (Sun and Pinker, 2005)

Ὕ and ὃ are optimized per MODIS pixel using four instantaneous LST observations 

from MODIS MOD11A1 and MYD11A1 V006 products.         

Ὕ Ὕ ὸ ὒὥὲὨίὥὸέὺὩὶὴὥίί

24hrs Mean LST:  Ὕ Ὕ ᶻ

ECOSTRESS 
LST

t = ISS 
overpass

ECOSTRESS 
Emissivity
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PTUCD + ECOSTRSS: Surface Reflectance?

1. Sentinel 2 ïLandsat Harmonized Surface Reflectance Product 

(https://hls.gsfc.nasa.gov/)

2. Non-Landsat/Sentinel 2 Overpassing day: 

Spatial and Temporal Adaptive Reflectance Fusion Model (STARFM) (Gao et.al 2006.)

https://hls.gsfc.nasa.gov/
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PTUCD + Landsat

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

SR

Landsat 8 Landsat 8

LST

[Conceptual]
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[Conceptual]

PTUCD + Landsat + Sentinel 2 + ECOSTRSS
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Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

SR

Landsat 8

VIIRS (375m) -

STARFM
Sentinel 2 VIIRS (375m) -STARFM Sentinel 2

VIIRS (375m) -

STARFM
Landsat 8

LST
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STRESS

ECO

STRESS

ECO

STRESS

[Conceptual]

PTUCD + é + STARFM



Estimating Daily ET with Thermal Sharpening

Sharpening VIIRS with Harmonized Sentinel-2 Landsat dataset

LST (375m)

Surface 
Reflectance 

(30m)

Thermal Sharpening (TS)

LAI (30m)

NDVI (30m)

NDVI 
(30 -> 375m)

Residuals 
(375 -> 30m)

Coefficient

LST (30m)

LST (375m)

NDVI (30m)

LST (30m)
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Thermal 
Radiance 
(375m)

Surface Emissivity 
(30 -> 375m)


